Respiratory Properties of Hemocyanin From Wild and Aquacultured Penaeid Shrimp and the Effects of Chronic Exposure to Hypoxia.
Properties of hemocyanins vary greatly among crustaceans due to environmental conditions, lifestyle, and genetic variation. These properties can also be modified to maintain aerobic respiration in response to ambient hypoxia, as experienced by both aquacultured and wild populations of penaeid shrimp. Under normoxic conditions, hemocyanin concentrations were significantly higher (P < 0.001) in aquacultured Pacific whiteleg shrimp, Litopenaeus vannamei (10.3 g/100 ml ± 0.23 SEM, n = 49), compared to those in individuals of wild-caught L. vannamei (7.0 g/100 ml ± 0.52 SEM, n = 10), wild Farfantepenaeus aztecus (7.10 g/100 ml ± 0.48 SEM, n = 28), and wild Litopenaeus setiferus (8.0 g/100 ml ± 0.22 SEM, n = 37). Oxygen affinity of hemocyanin at 25 °C in both populations of L. vannamei was higher (Kruskal-Wallis ANOVA on ranks, P < 0.001) (aquacultured P50 = 1.47 kPa ± 0.03 SEM; wild P50 = 1.72 kPa ± 0.01 SEM at pH 7.4) than that of both Atlantic species (F. aztecus P50 = 3.94 kPa ± 0.06 SEM, L. setiferus P50 = 3.98 kPa ± 0.04 SEM at pH 7.4). The effect of l-lactate on oxygen affinity was similar among all wild groups, but significantly smaller in the aquacultured L. vannamei. Total hemocyanin concentration and oxygen binding properties were measured after exposure to 12 days and 25-31 days of hypoxia (30% air saturation). Aquacultured L. vannamei showed no change in hemocyanin concentration for up to 31 days, but both wild F. aztecus and wild L. setiferus displayed a significant increase over the same time period. No discernible change in oxygen affinity of hemocyanin was detected in any of the three species. Hypoxia tolerance appears to differ among these species of penaeid shrimp, due to either an inherent difference among the species, domestication by aquaculture, or a combination of both.